INTRODUCTION
============

Self-reported anthropometric data is convenient and inexpensive, but relying on this data requires an accurate estimation of weight and height. Data consistently demonstrate under-reporting of weight and over-reporting of height ([@b8-ijes-9-1-47], [@b12-ijes-9-1-47]). Underreporting of weight occurs particularly among women ([@b2-ijes-9-1-47], [@b8-ijes-9-1-47], [@b9-ijes-9-1-47], [@b15-ijes-9-1-47], [@b23-ijes-9-1-47]) and overweight/obese individuals ([@b2-ijes-9-1-47], [@b8-ijes-9-1-47], [@b12-ijes-9-1-47], [@b15-ijes-9-1-47], [@b23-ijes-9-1-47], [@b26-ijes-9-1-47], [@b28-ijes-9-1-47]). Conversely, height tends to be over-reported, regardless of sex ([@b8-ijes-9-1-47]).

Since young women transitioning to the university setting are particularly vulnerable for weight gain ([@b31-ijes-9-1-47]), they are a population of interest for health-related studies. Self-reported anthropometric data is often used in order to reach a larger sample or due to poor equipment mobility. However, this may lead to an underestimation of overweight/obesity prevalence and associated disease risk. Although body mass index (BMI; kg/m^2^) is a commonly used proxy for body fatness, individuals may be classified as healthy when they actually have unhealthy levels of body fat ([@b21-ijes-9-1-47], [@b27-ijes-9-1-47]) -- a misclassification which occurs especially in the normal and overweight BMI categories ([@b13-ijes-9-1-47]).

It is thus important to use more accurate indicators of disease risk whenever possible. Previous studies have primarily focused on BMI and demographics, such as race and age, as predictors of self-reporting error. To date no studies have extended this research to explore associations with more accurate risk markers, such as WC and body fat percentage (% fat). In women, BMI and WC increase by 0.4% annually, with the greatest increases among those aged 18 to 39 years ([@b18-ijes-9-1-47]). This is particularly concerning, given that costs of overweight/obesity are also higher in women ([@b10-ijes-9-1-47]). Identification of individuals, specifically women, at risk for overweight/obesity may help to offset these costs. This study contributes to the growing body of research by 1) determining the degree of accuracy between self-reported and directly-assessed anthropometrics in female college freshmen, as well as 2) examining the relationship between these biases and more accurate indicators of disease risk.

METHODS
=======

Participants
------------

As part of a larger study examining patterns and composition of weight change in college freshmen conducted in 2012--2014, participants were asked to complete a self-administered demographic questionnaire soliciting age, race/ethnicity, scholastic major, weight in pounds, and height in inches during the testing visit. In total, 147 first-year, female students at a large, Midwestern university were recruited via public advertisements, classroom announcements, and welcome week activities. Students were eligible to participate if they met the following criteria: on-campus residence, age ≥ 18 years, non-claustrophobic, non-pregnant, ≤ 250 kg (scale capacity), and no implanted medical device(s). Participants were aware they were to undergo anthropometric measurements during the testing visit. Since an elevated body temperature or breathing rate post-exercise, or presence of food and/or beverages in the gastrointestinal tract may influence the accuracy of results (e.g., overhydration would falsely reduce body fat percentage) ([@b16-ijes-9-1-47]), participants were instructed to refrain from exercise and eating/drinking anything other than water within two hours of their scheduled testing visit.

Protocol
--------

Following completion of the demographic questionnaire, participants changed into compression clothing and a Lycra swim cap provided by researchers; shoes, socks, jewelry, and/or hair accessories were removed prior to testing to minimize air trapping. Measurements included weight, height, WC, and % fat.

Height was measured with a wall-mounted, calibrated stadiometer. Participants stood with their backs touching, but not leaning against the device. Feet were placed in the outline on the base plate and researchers verified the participant's head was positioned in the Frankfort plane. The head plate was lowered to touch the top of the participant's head, without undue pressure, and measurement was recorded to the nearest 0.1 cm.

WC was measured using a retractable tape placed immediately superior to the iliac crest, approximately at the navel line ([@b25-ijes-9-1-47]). Measurements were taken with the tape parallel, recording the measurement to the nearest 0.1 cm.

Body composition was assessed using air-displacement plethysmography (ADP) via BODPOD (Cosmed USA, Concord, CA), according to standard procedures ([@b22-ijes-9-1-47]). Body fat was estimated to the nearest 0.1% using the Siri equation ([@b29-ijes-9-1-47]) for Caucasian and Hispanic participants and the Brozek equation ([@b5-ijes-9-1-47]) for African Americans. Prior to entering the testing chamber, weight was obtained using the calibrated scale coupled with the BODPOD and recorded to the nearest 0.1 kg.

Data were collected during the first three weeks on campus and written informed consent was obtained from all participants at the beginning of their test visit. Participants received \$5 in campus spending money and another small item (i.e., reusable grocery bag or Frisbee). The university's institutional review board approved this study.

Statistical Analysis
--------------------

Directly-assessed weight, height, and WC were converted from metric to imperial units (1 kg = 2.2 lb; 1 cm = 0.39 in) and rounded to the nearest whole number. BMI was calculated as weight (lb)/height^2^ (in) \* 703. The differences between self-reported and directly-assessed weight, height, and BMI were compared via paired sample t-tests. Self-reporting biases of weight, height, and BMI were calculated as self-reported minus directly-assessed values for each variable. Pearson correlation coefficients were conducted to identify associations between self-reported and directly-assessed anthropometric values, as well as to identify relationships among self-reported weight bias with WC and % fat.

Participants were dichotomized into groups who under-reported their weight (i.e., self-reported -- directly-assessed \< 0) (underreporter group) and those who reported accurately or over-reported (i.e., self-reported -- directly-assessed ≥ 0) (accurate-/over-reporter group). Accurate- and over-reporters were grouped together due to the reduced propensity for health risk among the members in this group of relatively healthy females. Independent samples t-tests were used to compare weight, BMI, WC, and % fat among these groups.

Sensitivity was calculated as the ability of the self-reported anthropometric data to correctly classify participants as overweight/obese based on directly-assessed BMI. Specificity was calculated as the ability of the self-reported anthropometric data to correctly classify normal weight participants as normal weight based on directly-assessed BMI. Positive predictive value was calculated as the proportion of the amount of "true positives" (i.e., self-reported overweight/obese and directly-assessed overweight/obese) to all positives (i.e., true positives + false positives). Negative predictive value was calculated as the number of "true negatives" (i.e., self-reported normal weight and directly-assessed normal weight) to all negatives (i.e., true negatives + false negatives). Cohen's κ was calculated to identify level of agreement between self-reported and directly-assessed BMI.

The following cut-points were used: BMI ≥ 25 kg/m^2^ (National Institutes of Health (NIH)) standard cut-point for overweight ([@b25-ijes-9-1-47]), WC \> 35 in (NIH standard cut-point for disease risk based on WC ([@b25-ijes-9-1-47]), and body fat ≥ 33% (based on a multiple regression model equating BMI ≥ 25 kg/m^2^ to body fat ≥ 33% in 283 young adult women ([@b14-ijes-9-1-47]). Analyses were performed using IBM SPSS Statistics Version 22.0 (IBM Corporation, Armonk, NY). A two-tailed alpha level of p≤0.05 was used to indicate significance. Alpha levels between 0.05 and 0.10 were considered trends worthy of further investigation.

RESULTS
=======

Nineteen participants did not provide complete data (i.e., left self-reported height and/or weight blank on demographic questionnaire) and were thus excluded from analyses, resulting in a total of 128 participants aged 18.1±0.4 years. There was no difference in directly-assessed weight, height, BMI, WC, or % fat (p\>0.05 for all) between excluded individuals and participants. The majority of participants were Caucasian (n=108; 84.4%), with the remainder Black/African American (n=15; 11.7%) and Hispanic (n=5; 3.9%). The sample mirrors the racial/ethnic background of the campus (85.6% Caucasian/other, 10.7% Black/African American, and 3.7% Hispanic) ([@b3-ijes-9-1-47]). In terms of major, 45.3% of participants were health majors (n=58) while 54.7% (n=70) were non-health majors. According to directly-assessed BMI, 4.7% (n=6) were underweight, 68.8% (n=88) were normal weight, 18.0% (n=23) were overweight, 5.5% (n=7) were obese class I, 1.6% (n=2) were obese class II, and 1.6% (n=2) were obese class III. Using the BMI cut point of 25 kg/m^2^ to indicate disease risk, 26.6% (n=34) were classified as overweight/obese. Elevated WC was identified in 18.8% (n=24) of participants while 25.0% (n=32) had excess % fat (determined by ADP).

There was no overall difference between self-reported and directly-assessed anthropometric data for any variable ([Table 1](#t1-ijes-9-1-47){ref-type="table"}) when all participants were considered. Using a cut-off of 5 lb to classify accurate reporting ([@b6-ijes-9-1-47]), weight was accurately reported in 84.4% (n=108) of participants. Weight was under-reported in 10.2% (n=13) of participants and over-reported by in 5.5% (n=7) of participants. When classified by BMI, weight was under-reported (−2.0±4.4 lb; p=0.014) in participants with BMI ≥25 kg/m^2^ leading to subsequent underestimation of self-reported BMI (−0.6±1.4 kg/m^2^; p=0.022). When classified by WC, participants who had high WC also under-reported their weight (−2.3±4.4 lb; p=0.018), however differences in BMI did not achieve statistical significance. When classified by % fat, those with excess fat (\>33%) under-reported their weight (− 2.3±4.4 lb; p=0.007), resulting in a trend towards an underestimation of self-reported BMI (−0.5±1.5 kg/m^2^; p=0.056). There was no difference between self-reported and directly-assessed anthropometrics in participants with healthy BMI, WC, or % fat. Differences in self-reported and directly-assessed height did not achieve significance in any group, nor was there a difference between any self-reported and directly-assessed anthropometric value in health and non-health majors.

There were strong, positive correlations between self-reported and directly-assessed weight, height, and BMI for all participants, as well as when under-reporters and accurate-/over-reporters were analyzed separately (r≥0.859, p\<0.001 for all). Moderate negative correlations were observed between self-reported weight bias and WC (r=−0.362; p\<0.001) and % fat (r=−0.317; p\<0.001) as depicted in [Figure 1](#f1-ijes-9-1-47){ref-type="fig"}. Self-reported and directly-assessed weight, height, BMI, and self-reporting bias of all participants are presented in [Table 1](#t1-ijes-9-1-47){ref-type="table"}.

Compared to those who accurately- or over-reported their weight, individuals who under-reported their weight weighed more (+22.5 lb) and had a greater BMI (+3.5 kg/m^2^), WC (+3.2 in), and % fat (+4.0 %) ([Table 1](#t1-ijes-9-1-47){ref-type="table"}; p\<0.05 for all). Height did not vary significantly between groups. Sensitivity, representing the proportion of self-reported overweight/obese (via BMI) students who were indeed overweight/obese, was 94.1%. Specificity, representing the proportion of self-reported normal/underweight (via BMI) students who were correctly identified as normal/underweight using directly-assessed values, was 97.9%. Positive predictive value, the probability that self-reported overweight/obesity (via BMI) truly indicates overweight/obesity, was 94.1%. Negative predictive value, the probability that self-reported normal/underweight truly indicates normal/underweight (via BMI) was 97.9%. There was almost perfect agreement between self-reported and directly-assessed weight indicated by κ=0.92.

DISCUSSION
==========

This study sought to determine the degree of accuracy between self-reported and directly-assessed anthropometrics in female college freshmen as well as examine the relationship between self-reporting biases and other indicators of disease risk (i.e., WC and % fat). The results of the present study demonstrate very strong positive correlations between self-reported and directly-assessed weight, height, and BMI. Overall, there was a high level of agreement between self-reported and directly-assessed weight (−0.1 lb), height (+0.2 in), and BMI (−0.1 kg/m^2^). This was unexpected as women typically underreport their weight ([@b2-ijes-9-1-47], [@b9-ijes-9-1-47], [@b15-ijes-9-1-47], [@b17-ijes-9-1-47], [@b23-ijes-9-1-47]) anywhere from −0.4 lb to −7.7 lb ([@b12-ijes-9-1-47]). In female college students specifically, other studies found height to be over-reported by +0.5 in ([@b19-ijes-9-1-47]) and +1.1 in ([@b9-ijes-9-1-47]) and weight to be under-reported by −4.2 lb ([@b9-ijes-9-1-47]) and −7.5 lb ([@b19-ijes-9-1-47]). However, both of these studies measured participants' weight wearing light clothing and without indication of instruction on how to report their weight (i.e., light clothing, with or without shoes, etc.), perhaps contributing to reporting error. Nevertheless, the high overall level of agreement between self-reported and directly-assessed anthropometrics in the present study is a novel finding.

The high sensitivity (94.1%) suggests the use of self-reported anthropometrics indeed captures actual cases of overweight/obesity. This finding corroborates with previous studies in both adults ([@b1-ijes-9-1-47], [@b6-ijes-9-1-47]) and older adolescents ([@b4-ijes-9-1-47]). However, some prior studies demonstrated sensitivities of 48% ([@b19-ijes-9-1-47]) to 52% ([@b11-ijes-9-1-47]). In both of these studies, participants were unaware they were to be weighed, while in the present study, participants were aware their weight would be measured. This may have contributed to reporting accuracy as it has been suggested that the expectation of being weighed results in more precise self-reported weight ([@b7-ijes-9-1-47]); however, Nawaz et al. ([@b26-ijes-9-1-47]) found that although overweight/obese, middle-aged adult female participants were told they would be weighed, weight was still under-reported. It is unlikely that the age of our sample impacted reporting behavior as previous work has established that women under-report their weight across the lifespan ([@b23-ijes-9-1-47]).

This study was unique in that it examined other indicators of overweight/obesity and disease risk in addition to BMI. Previous studies have determined that increases in weight and/or BMI coincide with increases in the degree of under-reporting ([@b1-ijes-9-1-47], [@b2-ijes-9-1-47], [@b8-ijes-9-1-47], [@b12-ijes-9-1-47], [@b19-ijes-9-1-47], [@b23-ijes-9-1-47], [@b26-ijes-9-1-47]). Similar tendencies were observed in the present study; weight was under-reported to a greater extent when WC and % fat were higher. Moreover, individuals who under-reported their weight had significantly higher weight, BMI, WC, and % fat than those who accurately- or over-reported their weight. When dichotomized by WC and % fat, individuals with abdominal obesity significantly under-reported their weight, as did individuals with excess fat. It is unclear whether under-reporting one's weight is intentional, resulting from social desirability or unintentional due to lack of knowledge regarding one's current weight status. Additionally, weight gain is not uncommon during transition to the university ([@b31-ijes-9-1-47]). Previous data indicate that female freshmen gain 2.9 lb during their first 10 to 12 weeks on campus ([@b20-ijes-9-1-47]). Therefore, it is possible to have gained weight during the first three weeks (i.e., during the measurement period) resulting in an unintentionally under-reported weight.

Several limitations must be noted. This study used a convenience sample as it was part of a larger project. It was advertised as a health-related study and thus more health-conscious individuals may have participated, partially explaining the accuracy of self-reported weights. However, there were no significant differences between health and non-health majors. Incomplete data from 19 participants and failure to acknowledge when and where (e.g., home, physician, gym) participants last weighed themselves were other limitations. Participants were also not instructed on how to report their weight (e.g., light clothing, without shoes). Finally, the generalizability of the findings may be limited to female university students and future research in other, less educated populations is warranted.

These findings suggest that individuals at greater disease risk are more likely to under-report their weight -- a finding that complements previous studies using BMI only. Older adolescents do not perceive themselves to be at risk ([@b24-ijes-9-1-47]) and it is common for overweight/obese individuals to underestimate their weight as a health risk ([@b30-ijes-9-1-47]). Thus, susceptible female freshmen may not engage in health-promoting behaviors. Misclassification of overweight/obese individuals as maintaining a healthy weight may further decrease the likelihood of participating in weight control practices ([@b19-ijes-9-1-47]). As young adults entering college begin to establish lifelong behaviors, practitioners in this setting are in a unique position to intervene and mitigate disease risk. Early identification may lead to lifestyle modifications and reduced risk of chronic disease ([@b24-ijes-9-1-47]). However, reliance on inaccurate reports of anthropometric data may prevent identification of at-risk individuals. The current findings, as well as previous work ([@b12-ijes-9-1-47], [@b19-ijes-9-1-47]), support the recommendation that, aside from surveillance data, direct assessment should be used whenever possible.

Given the high sensitivity, correlation, Cohen's κ, and overall reporting accuracy, our results suggest that self-reported anthropometrics are an acceptable substitution for objective data in female college freshmen when measurement is not feasible and group data or population averages are desired. However, due to reporting bias in overweight/obese individuals, reliance on BMI calculations based on erroneous weight and height values may result in misclassification of disease risk among individuals with greatest need.
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###### 

Anthropometric data for all participants, under-reporters, and accurate- or over-reporters.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                      SR\            DA\                                                       SR Bias[a](#tfn2-ijes-9-1-47){ref-type="table-fn"},[b](#tfn3-ijes-9-1-47){ref-type="table-fn"}\   *p*[c](#tfn4-ijes-9-1-47){ref-type="table-fn"}
                                                                      Mean (SD)      Mean (SD)                                                 Mean (SD)                                                                                         
  ------------------------------------------------------------------- -------------- --------------------------------------------------------- ------------------------------------------------------------------------------------------------- ------------------------------------------------
  All Participants (n=128)                                                                                                                                                                                                                       

   Weight (lb)                                                        140.6 (33.0)   140.7 (34.6)                                              −0.1 (4.4)                                                                                        0.824

   Height (in)                                                        64.7 (2.8)     64.6 (2.5)                                                0.2 (1.3)                                                                                         0.137

   BMI (kg/m^2^)                                                      23.6 (5.0)     23.7 (5.4)                                                −0.1 (1.2)                                                                                        0.217

   WC (in)                                                                           32.0 (4.8)                                                                                                                                                  

   Fat (%)                                                                           28.8 (8.1)                                                                                                                                                  

  Under-Reporters (self-reported weight bias \< 0; n=35)                                                                                                                                                                                         

   Weight (lb)                                                        151.8 (51.3)   157.0 (52.0)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}   −5.3 (4.2)                                                                                        **\< 0.001**

   Height (in)                                                        64.8 (3.1)     64.7 (2.9)                                                0.1 (1.0)                                                                                         0.609

   BMI (kg/m^2^)                                                      25.3 (7.6)     26.3 (8.3)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}     −1.0 (1.5)                                                                                        **\< 0.001**

   WC (in)                                                                           34.3 (6.7)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}                                                                                                       

   Fat (%)                                                                           31.7 (9.7)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}                                                                                                       

  Accurate- or Over-Reporters (self-reported weight bias ≥ 0; n=93)                                                                                                                                                                              

   Weight (lb)                                                        136.4 (21.7)   134.5 (22.0)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}   1.9 (2.4)                                                                                         **\< 0.001**

   Height (in)                                                        64.7 (2.7)     64.5 (2.4)                                                0.2 (1.4)                                                                                         0.164

   BMI (kg/m^2^)                                                      22.9 (3.4)     22.7 (3.4)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}     0.2 (0.9)                                                                                         **0.038**

   WC (in)                                                                           31.1 (3.5)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}                                                                                                       

   Fat (%)                                                                           27.7 (7.1)[d](#tfn5-ijes-9-1-47){ref-type="table-fn"}                                                                                                       
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SR = self-reported, DA = directly-assessed, BMI = body mass index, WC = waist circumference.

SR Bias = SR-DA.

Negative values indicate under-reporting.

Significant differences (p\<0.05) between SR and DA are bolded. Comparisons between SR and DA are based on paired samples *t*-tests.

Significant differences (p\<0.05) between under-reporters and accurate- or over-reporters. Comparisons between under-reporters and accurate- or over-reporters are based on independent samples *t*-tests.

[^1]: Denotes graduate student author

[^2]: Denotes professional author
